Molecular determinants of multiple effects of nickel on NMDA receptor channels.
Nickel (Ni2+) is a toxic metal that affects the function of several neuronal ionic channels. Ni2+ inhibits N-methyl-D: -aspartate receptor (NR) channel in a voltage-dependent manner, but also causes enhancement of NR2B-containing channel activity and voltage-independent inhibition of those containing NR2A. The present work was aimed to find the sites of Ni2+ interaction on the NR2A and NR2B subunits by expressing wild-type and mutated NRs in either HEK293 cells or Xenopus laevis oocytes. The point mutation N616G in the pore region of the NR2B subunit completely removed the voltage-dependent block. In NR2 subunits deleted for their entire amino terminal domain (ATD) and expressed with wild-type NR1 subunit, voltage-independent inhibition of NR2A-containing channels was not modified, but the potentiation effect was abolished in NR2B-containing channels. In the latter channels, potentiation of the current was also removed by H127A, D101A, D104A point mutations and by the double mutation H127AD101A, all located in lobe I of ATD, and reduced by the point mutation T233A in lobe II, suggesting that the interaction site that causes potentiation shares common determinants with the Zn2+ and ifenprodil binding sites. In contrast, in NR2A-containing channels, we postulate the existence of an additional divalent cation binding site in the M3-M4 extracellular loop. In these channels, the point mutation H801A in the NR2A subunit caused an important reduction of the voltage-independent block, with a 7-time increase in IC(50). The block was also partially, but not as prominently, reduced by the double mutation H705AH709A in the same region of NR1. This additional binding site can be responsible of specific heavy metal interaction with NR channels.